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0RJECs

The obJect of Project A 1,13 is to investigate agent MCE and its
analogs.

The object of the work described in this report was to develor »
method of eyntheeis of MCE suitable for use in the pilot plant. Th.
method is based upon that developed by the Germans.

RESULTS:
1. The c-etep synthesis of MCE, as descrived by the Germans,
(CHy) NH.HC1 * POCly ---3 (cn3)e NPOClp + 2HC1
(CE3)¥POCL, + 2NaCN + CoH;OH -—-%  ( CHy),NPO( CN)(0CpHs) + 2NaCl + HON
was investigated with the view of adaptation to pilot-plant operatione.

2. Dimethylamine hydrochloride, a benzene solution of free di-
methylamine, and gaseous dimethylamine were tried in the eynthesis
of the MCE intermediate ( dimethylaminodichlorophosphine oxide),
using various molar ratios of POGI3 to the amine.

The molar ratios and reaction periods leading to best yields
were found to be the following!
Reaction
Material 1n‘P0013 Conditions
Piret Column Time Temp. Yield

mols mols hr. °C. Z
Dimethylamine hydror .loride 1.0 R.O 111.5 89.3
s 1.0 .0 6.5 111 92.5
Dimethylamine (dissolved in 0.5 0.7% 5 119 9.6
bengene)
Gaseous dimethylamine* 2.2 L.y 6121 90.1

* Only two runs were made using geseous dimethylamine but the data
obtained agreed well with those where a benzene enlution of the amine
was used.

Using a molar ratio of the amine lese than that indicated
above resulte in a coneiderable lowering of the yield of MCE inter-
mediate.

3. Pure dimethylaminodichlorophosphine oxidé was found to have
the following physical propertiess—

- n mRaosity-at 2000, = 1.363 g./ml. A Tt s et e
— . mmeme ™ Jop, = £1°C. at 14 mm. oo

D pp = 1200 at 77 am. ~COMMEERbde
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4. By reacting 0.5 ' mol of distilled dimethylaminodichloro-
phosphine oxide with 1.42 mols of NaCl und 0.54 mol of ethanol in
90 ml. of either bengzene or chlorotenzene, a yleld of 80 to 81% of
disti."ed MCE was ottained. The purest semnle obtained was found to
have the following characteristics:

a0 = 1,420
D

Density at 20°C. = 1.080 g./ml.
bupa = 7205-7300!1 &t 1»5 nm.
b.p. = 86-87°C. at 3 mm.

5. By reacting 0.50 mol of distilled dimethylaminodichlorophosphine
oxide with 1.42 mole of NaCN and 0.54 mol of ethanol in 90 ml. of
benzene, followed by partial vacuum stripping of benzene, there re-
mained 84.1 g. of partially stripped, undistilled MCE having the

following approximate composition:

MCE = T4.8% n§° = 1.4291
MCE intermediate = 3.2%
Benzene and other inert = 22.0% a /Y% = 1,082

material (by difference)

6. One run wae made in which all distillations other than
stripping of excess reagents and solvents were avoided.

By reacting 6U4.5 g. of stripped, undistilled MCE intermediate
vith 1.42 mols of NaCN and 0.54 mol ethanol in 90 ml. of chlorobsnzens,
there was obtained after partial stripping of excess chlorodenzene,
59.2 g. of partially stripped MCE residue having the following approxi-

nate composition:

MCE = 56.7%
MCE intermediate = 0.1%
Chlorovenzene and other

inert material (by difference) = u43.2%

20
By 1.4616
Density = 1.096 g./ml. at 25°C.

7. The crude NCE reaction product, after filtering, was found to
contain about 3% of dissolved gaseous HCN.

8. The synthesis of MCE vae found to be very susceptible to the
presence of moisture. The presence of 15 of water in the ethanol
used was found to lower the yield of distilled MCB from 80-81% to

-

544,

Drying of the reagente by refluxing and removing HEX0 as an
ageotrope with either benzens or chlorobenzenes was found to be effective.

onafilliinn

DEBTANT



CONCLUSIONS:

1. Dimethylaminodichlorophosprine oxida can be prepared in yields
of & 't 90% from P0013 and either dimethylamine hydrochloride or
the free dimethylaminer

2. The use of the free amine in the synthesis of dimethylamino-~
dichlorophosphine oxide requires only 1.5 to 2 mols of POCl; per mol
of amine whereas dimethylamine hydrochloride requires at least 3
mols of P0013 per mol of amine hydrochloride for comparable yields.

3. Under anhydrous conditions, the MCE intermediate will react
with NaCN and ethanol in either benzene or chlorobenzene to produce
about 808 of distilled MCE.

4, If dietilled intermediate is used, merely stripping the MCE
crude reaction products free of volatile matter will produce an acceptable
grade of MCE in ylelds of about 78%.

5. Undistilled, stripped MCE intermediate can be usred in the MCE
synthesis, resulting, however, in somewhat lower yields and & product
of inferior quality.

KECOMMENDATIONS:

It 1s recommended that:

1. 1In pilot plant operations, dimethylaminzdichlorophosphine
oxide (MCE intermediate) be prepared by the direct action of 1 mol of
gaseous dimethylamine on 1.5 to 2 mols of POCIBH

2. The MCE intermediate be distilled before its reaction with
the other reagents to produce MCE is undertaken.

3. In view of the sensitivity of the MCE synthesis toward
moisture and HCl all reagents be kept thoroughly anhydrous. The
ageotropic removal of water with benzene or chlorobenzene (or with
ethanol and benzene) is recommended prior to the addition of the MCE
intermediate to the other reagents.

ot

 em— -



TABLE OF CONTENTS

PAGE
I. INTRODUCTION

Au Object D8 9685 0DO DSOS P 0esas s e S s s0 Do s e R e s e
B. Authority @ 0 0 0 %o s s 08t O R GO LI PALE OGS0 It B s

- -

1I. HISTORICAL ........ DOEOEE 00000 E00a0000a0000d] 1
111. THEORETICAL .cc.vvovcvvearonnnnnns DGOOO0ODaGEC 1

IVo En‘)ERIN:ﬁNTAL ©¢0 9 ee 20600000609 Q00OEGA0OCT 0080000 NDSS 2

AO Materialﬂ © 0 OO0 e O 0O eDOPODOO0 S QO SO0 O W 06 % » 9 70 ® &8 ¢ 8 0 D
B. Procedurs ccocoeescoocosasss O e S R
cﬂ Results O % 8 5 @ 0 ® 5 % & 0O O N PSS PO I E BP0 e C0CE OSSN ST OO RO

A\ R IS )

v. DISCUSSION ,...ieusevncesvsonscscnscaasaraocas cosne 18
Vi, CONCLUSIONS ......... b0 0 0O b OgID 0 [0 00 0 C 0 0000 o0 OF . 19

VII.  KECOMMENDATIONS ...0vuoeerurunennonnn. e 2hn e i o . 19




Al
The Synthesis of MCH, Cyano(dimethyleming)ethoxyphosphine Oxide

Project: A 1.13 T.D:M.R. 1183
I INTRODUCTION.
A. QObject.

The object of Project A 1.13 is to investigate agent MCE
and 1ts analogs.

The object of the work descrited in this report was to
develop a method of synthesis of MOE suitable for ume in the pilot
plant. The method is based upon that developed by the Cermans.

B. Authority.

Authority for this work is contained in Project A 1.13,
MCE and Its Analogs, for the fiscal yesr 1946.

11, HISTORICAL.

Prior to the fall of Germany in May 1945, the only pub-
lished data relative to compounds containing nitrogen-phosphorus
linkages similar to that in MCE were thoss of Michaelis (Ann. 326,
179 £f, 1902). References have been made to the effect that the
Russians and the Swedees were interested in the MCE type compound but
no published data are available.

After the fall of Germany, the work on MCE in that country
was made available through Intelligence Division Report No. 3709.

At the present time considerable work on MCE and its
analoge is being conducted in the U.S.A. ap well as in Great Britain.

I11. THEORKTICAL.

The synthesis of MCE (dimethylaminocyanoethoxyphosphine
oxide) is a two-step process using POCl; and dimethylamine as its
bydrochloride as starting materials. This procese may bd@ represented
by the following equations:

Step 1 CH Cl CH c1
|2, l (3 1
“2 c1~ +01..1|’_.\0..)? = II’..-L 0 + o0l
083 cl 083 c1
Lo

-1-



or CH} Cil,, <1 CH
N b |3,
2 ¥E +POCLy --) ¥-P---NO + NE. Q1
J/ I {
H CH 01 CH
3 1 - 3
Step . CH, C1 CH, 0 - C
13 \ )lz'l fﬂ5
N-P--M0O + NaeCN + C,LHOH «~=) N <« P wud 0
17 # T
CH, C1 CH, OK (MCE)
3 3
+ 2Nall + HCN
Iv. EXPERIMENTAL .

A. Materials.
1. Benzene, COgHe - Baker's C.P. grade

2. Chlorobenzene, CgH-.Cl - B. I. du Pont de Nemours & Co.,

commercial grade

5

3. Dimethylamine, (CH,).FH - The Matheson Co., cylinder
grade - East Ruthérford, N. J.

+ -
4. Dimethylamine hydrochloride, (033)2N32 C1
Eastman's, white label grade

5. HBthanol, absolute, CQHSOH - Commercial Solvent Corp.,
gold eeal grade.

6. Phosphorus oxychloride, POCI3 - Ohio Apex, Inc.,
Nitro, W. Va.

7. Sodium Cyanide, NaCN, - Mallinckrodt's Reagent grade.
Some of the phyeical characteristics of the PCCl,; used, as described
in item 6 above, are given below. These analyeed are included to aid

in setting up the specification requiremsnt for this raw material.

Boiling Range (ASTM DE6-LO)

ml. Temp., °C
lst drop 105.5
5 106.7
10 106.9
20 107.0
38 107.1
107.3
50 107.5
60 107.3
70 107.2 Recovery = 99.0%
80 107. 4
90 107.5
95 107.8
99 114.0

-2-
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For POC1 sl taladed Found
3 $C1 65, 45 % .07
PP 20. &y e 35

Density = 1.672 g./ml. at P5°C.

B. Procedure.

Inasmuch as the two-atsp process for making MCE (as de-
scribea under ™heoretical", Section III, of thie report) was studied
under several variable conditions, each’ procedure is discussed separately
in the next section, entitled "Results®.

For the sake of convenience, the original German method,

as outlined in Intelligence Division Report No. 3709, is given below.
It is this methcd on which the work described in this report wae bassd.

%81 g. (1 mol) of dimethylamine hydrochloride is heated
(108-110°C.) under reflux for 4 to 5 hours with 600 g. (excess) of
POCl,. The salt ie then in solution. TFractionation in vacuo ylslds
150 2. (theory = 162 g.) of dimethylaminophosphoric acid dichloride,

boiling at 71°C. at 10 mm. Hg.

%81 2. (1 mol) of the preceding compound is dropped
with stirring into a mixture of 90 ml. of CGH s 10 go of dry NaCN,
and 25 g. of 99.8% ethanol. The temperature Fises rapidly to 40°C.
and is controlled at this point by cooling. Upon completion of the
reaction, the reaction is held one more hour at 4o°C. It is then
filtered and fractionally distilled. Yield = 70-75 g. of dimethyl~-
amino cyano-phoephoric acid ethyl ester (this is MCE - authors)

boiling at 93°C. at 2 mm. Hg."
C. Results.

l. Synthenis of the Intermediate, Dimethylaminodichloro-
phoephine Oxide.

a. Use of Dimethylamine Hydrochloride.

Four runs were made reacting dimethylamine hydro-
chloride in an excess of POCly with the view of establishing the most
favorable P0013-amine hydrochloride ratio.

One mol of the amine hydrochloride and 2 to 4
mols of POCl, were placed in a 500-ml., 3-neck round-bottom flask
equipped witg thermometer, stirrer, anéd reflux condenser terminating
in a CaClp trap. A "Glas-Col"* electric heater served as heating unit
for the reactor. After a reaction period of approximately 6 hours at
about 110°C., the product was fractionally distilled. Table 1 gives
the results obtained. The byiling pointe of the product are given
as a function of pressure in figure 1 in the appendix of this report.

-
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Run No. POCy (CHg JoNH,C1 Ratio POC1,/ Total Reaction Max.Reaction Dia!

ge mols g Amine hloride Time. hr. Temp. °C. B.P. .
i 600.0 5.91 81.0 0.99 4.0 8.5 an 81/14
5 460.1 S.00 8l.6 1.00 5.0 5 111.5 80/12
2 806.7 2.00 B8l.6 1.00 2.0 6 110 75/10

“u/1
4 308.4 2.01 81.6 1.00 2.0 5 b b1 79-80/12
; el
il

ol
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“leaction Max.Reaction laminodichl Still Residue
i hr. «2C. B.P. B Yield d 20/4 1 “ after distill-
e A——L_ ———m =K 4
ts an g1/14 8.5 92.5 1.46350 1.563 45.84 8.80 5.8 i
111.5 80/12  144.6 89.5 1.4650 1.363 45.64 8.36 8.1
\
110 78/10 66.4  41.0 1.4640 1.365 44.01 8.55 4.5
“u1
1 79-80/12  106.1  64.9 1.4640 1.860 43.91 8.0 5.5
o
By
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A portion of the diatillate from ruiz 1 (table 1) was analyred for
carbon, hydrogen, and other elsmente yieldin the following results:

Yor O.HOWCl, talculated Tound
£ 1'% 83 14.86 ¥ 0.08
tH 1,73 3.74 2 0,03
%01 43,78 43,76, 43.89
£y 8.65 .59, 8.60
5P 19.13 not done

An idea of the rime-temperature relationship
during the reaction may be obtained from the data collected in run 2,
table 1. Thie relationship, although cited only for run 2, was
virtually identical in all runs where the amine hydrochloride was
employed. The data are given in tadble 2.

Table 2

Time-Temperature Relationship for the
Reaction: (CH3)oNHoCl + POCLy ---» (CHs)-N-POClp + 2HCL

Time Temp. of Reaction Medium
hr: min. °C.
01 00 25
0s 11 5@
0; 19 74 &~ HC1l gas begins to be
0: 22 &2 ovolved at this point
0: 27 86
0: 31 92
1z 05 99
2: 20 100
ax 10 100
s 00 105
54 08 106
6: 00 110

L. Use of Fres Dimethylamine as a Benzene Sclution.

At the precent time gaseous dimethylamine is pro-
duced in the United States in relatively large amounts whereas the
hydrochloride is quite scarce. Conseguently, it seemed worthwhiles to
investigate the feasibility of using the more availsble of these two
materials and at the same time to establish whether or not a POCly=
amine ratio less than 3 to L is sufficient for high yleldsof the MCPH
intermediate when the free amine is employed in place of its hydro-
chloride. The data derived from this investigation are compiled in
tatle 3.

The procedure used in thie phase of the work was
the following:

purieing



4 desired suantity of POCly was placed in a
500-m1. 3-neck round-tetlom fless oguipped with thermometsr, stirrer,
dropping funnel, and reflux condenssr termii: .ng in a CaClp trap.
From the dropping funnel a benrens solution ¢: dimethylamine (pre-
viously prepared from bsnzene and ths liquified emine) was added drop-
wise with slow stirring to the POCl,. An Immediste tempersture rise
of the contents of the fiassk wa" chRarred and the rate of the amine
addii .. was adjusted such that the reactlon temperature was about
60°C. In some instances external cooling by mesne of an ice-H0
bath wae applied to the reactor.

After all of the amine had been added, the
gtirring rate war increased slightly and rimultaneously the reaction
temperature was ralsed to the reflux tempernture of bengene, about
90¢C. It was found convenient, to inetall a small total reflux - partir
take off still-head arrangement on the reaction flask. In this way,
benzene could be removed from the reaction medium, thue making it
poseible to increase the reaction temperamture to about 100-120°C.

The over-all effect of using the free amine
in plece of ite hydrochloride can te expreessed by the equations:

o + -
2(CHy)p NH + POCL3 —--3 (OHB)?N-ICCIP + (CHy) JNH,, C1
0
+ -
(CH{) NH, €1 + POCl, ---) (OCH,)_ N-PCi, + 2HC1
3/ N, 3 - (CHy), 1oe
0

In other words, the second step is identicel with the procedure in
which the hydrochloride is umed exclusively as described in section

IV 1 a. Insufficient reaction time or an insufficient excess of P0013
therefore neceesltatees an additional filtration step to free the
reaction product of unreacted dimethylamine hydrochloride prior to
distillation of the MCE intermediate.

After the reaction wae complete, the product
wag distilled in vacuo. The benzene and POCl_, portions of the dig-
tillate were combined, weighed, and POCl wasBGetermined in the mixture
by means of a chlorine analyeies, assumin®, of course, that all of the
chlorine present was due to POCI3,

Dimethylaminodichlorophosphine oxide exhibits
considarable thermal stebility and can be conveniently distilled at
almost any pressure below 100 mm. of Hg.

In runs 5 and 6 (table 3) the still residues
amounting to 42.9 and 34.5% of the total reaction product respectively,
were analyzed for their chlorine contente. These amounted to ?Oogh and
20.56%, respectively, for runam 5 and 6. It is interesting to note
that the double-eubstitution product between dimethylamine and POCI}.
namely bis-dimethylaminochlorophosphineoxids, (CH ),
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requires 20.79% chlorin:.

In addition %c analyzing .1 of the runs listed
in table 3 by vacuum dirtillation, the produc- s of three runs were
analyzed prior to vacuur distillation, thatis to say, after all of
the benzene and POClx had been strippad off, The results of these
analyses are given ifi table 4.

Table Y
Analyses of Stripped MCE Intermediate prior to Vacuum Distillation
Run No. nb d 257E Cl* - z
13 1. 4639 1.365 42.66
15 1. 4650 1.364 42, 43
16 1. 4655 1.365 42,18

* Theoretical Cl = h}.?%i ~ for other data pertaining to these
runs, see table 3.

¢, Use of Gaseous Dimethylamine.

It was shown in the previous section that a
benzene solution of dimethylamine could be substituted for dimethylamine
hydrochloride in the condensetion with POCl, to form the MCE inter-
mediste. The results aleo indicate theat thg molar ratic of POCly-
smine required for high yields of the MCE intermediate is less than
the molar ratio reouired in those runs where the amine hydrochloride
is used.

From the standpoint of economy, it appeared ad-
visable to eliminate the use of the carrier solvent, benzene. Accordingly,
two runs were made in which the free amine was allowed to vaporize
into an excees of POCl1;. The apparatus was identical with that de-
scribed in the previoué section except for the fact that the dropping
funnel wae removed and replaced by a gas inlet tube reaching to
within about ones inch above the POCly surface. The gas inlet tube
was connected to a small flask conta?ning the required amount of
liguified dimethylamine. By external control of the temperature of
the amine reservoir, the flow rate of gaseous amine could easily be
adjusted. The reaction data pertaining to these runs are given
in table 5.

As done previously, the reaction products were
analyzed by vacuum distillation.
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Reaction Data in the ¥Formetion of Dimethyil.

rodichlorophosphine Oxide

from FOCl. and Gaseour Dimeth _.amine
b

POC). - grams

18

- Rm-r—-—a—-\n
345, 0

_gé}(%z_;_ls_

poc1;‘ ~ mols 2.75 Y.Ly
(GH3 oNH - grams 33,8 100.0
(an)?Nn - mole 0.75 .02
Ratio - P0013/( cn3)pna 3,0 2.0
Addition time of amine - min./°C. 17/°5-75 Lh/25.74
Reaction time after amine addition - hr. 6 6
Maximum reasction temp. °C. 105-119 116-121
Unreacted recovered POCl3 - grame 239.7 /4.5
Anelysle of stripped intermediate
ngo 1. U638 1. 4646
d 25/ 1.364 1. 366
% Cl up,.g2 Up.87
Analysls of distllled intermediate
bolling point °C./mm. Hg. 38.5-39.5/1.5 37.5-33.5/1
yield - grams 101.6 3°3.9
yleld - # 83.6 90.1
ngo 1, 4627 1. 4620
D
d a5/b 1. 36U 1.363
% C1 43.23 43,76
etill residue, grame 3.9 11.0
etill residue, % of total product 3.7 3.3
?. Synthesis of MCE.
The second step in the syntheels of MCE,
(CHq) 21 N (OH,) P/o " 0% HCN
- F ~ Cl + 2NaCN + CH.OH --3 (OH_ )N - P +
0 0

(MCE) + 2NaCl

wag investigated under several conditions which follow.

i
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8. Roug Accordi.i uo Dascrived German Method.

Under sacticn iV B, the G:rman method for the
syntheeis of MCE from édimethylamirgdfehloraphsaphine oxide was describved
in detail. Six runs ware made usin: t“is me.no3. The resulte obtained
are given in table A.

Aa learnad later, tha clue to a successful synthesis
of MCE from the intermediate, NaCN, and sthanol i1s the abmence of all
water and protection of the reaction vessel from atmospheric molsture.

The presence of molsture will not only hydrolyge
MCE directly but also the dichloro intermed! ate with the literation ¢-
HCl. This liberation of HCl will then in turn cause the decomposition
of MCE. :

In one experiment dry gaseous HCl wnro allowed to
come in contact with dry MCE*. A test for dimethylamine was at once
positive, indicating the rupture of the MCE molecule ut tlLe= nitrogen-
phosphorus linkage. It followe from these facts that an excess of
NaCN is essential in the process to asrure the decompositinsn of HC1,

NaCN + HCL --~- NaCl + HCN

and thus to remove active ionic hydrogen from the reaction medium.

An examination of the data reveals that the per-
centage ylelds in rune A and D are perceptibly lower than in other runs.
These discrepancies are accounted for in the following way.

In run A, the crude MCE reaction product war dis-
tilled in a P4-inch Penn State Column of abtout 1 inch diameter, filled
with 1/8-inch glass helices. This tyne of column reguiree a high
kettle temperature and thie ig believed to cause consicderalle thermal
decomposition of MCE. Consequently, in all of the other runs listed
in table 6, the Pl..inch column wae replaced by a 5-inch column of l-inch
diameter filled with h--mm. solid glase beads. An examination of figure 1,
in the appendix of thie report, where the boiling points of FOCl4, the
intermediate, and MCE are plotted, shows that in acC.ual practice”a column
equivalent to only a few theorstical plater {about 3) should be sufficient
for reasonably good saparation of the producte.

In run D, the low yield of MCE must be attri-
buted to the moisture content »f the reagents. At the time of the
synthesis descrited in run D, the atmospheric humidity at Edgewood
Argsenal was unusually high. Yo special precautions had been taken to
dry all of the reagente and as noted under "Remarks" in run D ( table
6), the ethanol used was found to contain more than 19¢ of Hx0. It
wvas found convenient to dry the reagents, henzene or chlorotenzene and
NaCN mixture, by heating with stirring dQ teflux. Under these con-
ditions, water and benzene or chlorobenzene will distill off an
azeotropic mixture. If initially an excess of benzene or chlorobenzene

*This test was made by Dr. Benjamin Witten of the Chem. Div. CWS Technical
Command, Edgewood Arsenal, Md.
SR
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: - hesis of
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Distillation Distillation Remarks

Foreshot to __Residue ___
e N Active ‘cu
Content CN g
P e

17.05 15.62.
. 15.55

16,91  15.30

16.80  15.62 -

16.70 15.87

| e 15a65

D e g

0.5 1.4463 about 20 -

0.3 - 1.4450 "~ . 7.4

oal 24819 8.7

2.7 1.4501 4.5

e e

1. Benzene ard NaCN dried by refluxing and 0
removal as azeotropeé
2. Intermediate used was rodist.illed camposite
of several samples. 20
bep. = 120°C/77 mn Hg, nB = 1.5620,

d 25/4 = 1.363
3. Ethanol usad contained 1.02$ 820 by Karl
Fischer reagent

1. Ethanol dried over CaSQ, befCre use -
cantained about 0.5% &23 by Karl Fischer
reagent

2. Benzene and NaCN drisd by refluxing and
0 removed as azeotrope

Same as rupk, except that chloraobenzene was
used in place of benzene

e e e
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(ca 120-150 ml.) im usge’ <n place of the required 90 ml., the removal
of 30-60 ml. of benge:: or chlsrobenzene by dietillation from ite
mixture with NaCN will sufficiently dry th P reagents. In the
labvoratory, the ethenol! used was dehydrated over "Anhydrone® (Cason)
prior to ite addition to the already dried NaCN - benzene mixture.
1t is believed that aveotrepic drying le applicadvle to plant operations
and in all probability can be extended to the benzense-ethanol-NaCN
eys eimultaneously, thus eliminating the separate drying of
ethanol as described above.

The distilled reaction product from run A was
subjected to a carbon and hydroren analyeis. The results follow.

For 9551195219 Calculated Found
tc 37.02 36.8 2 0.1
1 6.24 6.99 £ 0,02

It has been stated that the dropwise addition
of the intermediate, dimethylaminodichlorophosphine oxide, to the
benzene-ethanol-NaCN mixture gives rise to a rather exothermic reaction.
In table 7, the time-temperature data, together with the addition rate
of the intermediate, are given for runs B, C, and D ( table 6).

Table T

Time-Temperature Relationship in Synthesis of MCE

Time Run B Run C Run D*
min.

0 25.5 8.0 29.0

1 28.0 31.5 e

2 31.0 37.0 -

g 5.0 0.0 2

40,0 - 3150

12 - - 0.0

Average addition
rate of inter- 1,20 ?.08 1.88
mediate g./min.

* contained moisture - see table 6 and text.

Ae outlined before, the crude reaction product
ig filtered free of inorganic sal ts just before distillation of the
product. An examination as to the phosphorus content of two filter
cakes was made (rune D and H, table ). The phoephorus content so
found was taken to be due to occluded or adsorbed MoB. 1n run D, for
example, the phosphorus content of the filter cake amounted to 6.1%
immediately after the reaction product had been completely filtered.
Washing this same filter cake with 50 ml. of benzene reduced the
phosphorus content to 0.9%. It should be pointed out here that the

SRR
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e s
filtration should he made ne ropidiy as poscible to prevent prolonged
exposure of the product to woisture. In = ¥, filter-aid "Celite
503" was used in the filtraticn of the ¢ uct and after washing with
100 ml. of chlorobenzene the pnosphorus cu.:ent of the filter cake
(not containing filter-aid) amounted to 0.5%. Calculated as MCE,
these valuee of 0.9 and 0.5% of P currespond to 4.7 and 3.1% of MCE,
reepectively, and show that the filter cake in all probability must be
de-ontaminated (aqueous caustic) bafore disposal.

b. Investigetion on Stripped; Undistilled MCE.
(Eun ¥, not shown in table 6):

In view of the high boiling point of MCE and 1.s
gsensitivity toward thermal decomposition, both of which factors cou.
be the source of difficulties in plant operations; an investigation
was made on the nature of the MCE residue after stripping off excess
solvent in vacuo. Accordingly, the following run was made:

79 g. of NaCN and 1?0 ml. of bhenzene was re-
fluxed and 30 ml. of benzene containing about 0.3 g. of water was re-
moved as an azeotropic mixture. 25 g. of previously dried ethanol
wae added to the reaction mixture. From the dropping funnel £l g.
of freshly dietilled MCE intermediate was added dropwise over a period
of 118 minutes, keeping the reaction temperature &t 4neC. After all
of the intermediate had been added, the reaction mixture was stirred
at L40°C. for one hour. :

After filtering off inorganic salts, the
filtrate was subjected to partial vacuum stripping at 140-150 mm. Hg.
pressure and the still residue was again filtered to remove some
inorganic salte which had settled out during the stripping operatlion.
After filtering, there was ottained 84,1 g. of partially stripped un-
dietilled MCE, having the following analysis:

Color = amber but clear

20
n = 1.4291
D

m
total = 1.42
hy

Assuming that all of the hydrolyzable chlorine present is due to the
MCE intermediate, and adjusting the nitrogen and phosphorue analytical
data accordingly, the results given in table 8 are obtained.

o 2
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fable 8

Calculatione of Yizld and Pu. 7 on Run ¥
. Wt. of product = 8U.J g,

Content of Unreacted MCE Intermadiate

7 “vdrolyzable Cl1 iy
The -tical Cl content of intermediate, % - h3.78
Chlorine content in sample as § inter%ciate -Lé.f;]. % 100 = 3.22

Adjustment of N and P _Results
Theoretical N content of irtermediate, % 8.65
#N per & Cl in intermediate = 8.65 . 1976
43,78 :
5 N required for 1.41% Cl 0.28
Adjusted $ N = 13,35 - 0.28 13.07
(total) (intermediate) (MCE)

Theoretical P content of interjpsdiate, % 19.1
: 3

2P per 5 Cl in intermediate 201} 0.4370
%P required for 1.41% C1 - §3.78 0.62
Adjusted ® = 15.38 . 0.62 14.76

. (total) (intermediats) {MCR)

Celculation of MCE Content - % Purity
% active CN found 11.50

%Pux"ity by CN = %5%3- x 100 = 71.65
£ N as MCE 13.07
5 Purity by N = 17:23 x 100 = 75.6k
4P as MCE 1k.76
¢ Purity by P = %‘-{-ﬁ- x 100 = 7724

Average Purity, % 74.84

Calculation of yield of MCE (theoreticel yield = #1.07 g.)
From CN = 84.1 x 0.717 = EOJ e

74.4% of theory

63.6

From N = 84.1 x 0.756 = o
= 78.5 % of theory

From P = 8L4.1 x 0.772 = 64.9 g.
= 80.1% of theory
Average of yields eas calculated above = 77.7% of theory

..
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The average purity of the sivipped sample, TU.24%, ae calculated from
table 8 and the percentage content of the intermediate, 3.22%, account
for only 62.9 + 2.7 = 65.6 5. of the to'* product weight. Consequently,
84.1 - 65.6 = 18.5 g. of inert materials, -hiefly benzens, were present
in the stripped product, meking the approrimate composition of the
product the following:

MCR T4.8%

MCE intermediate 3.2%

Benzene and other inert ?22.0%
materials

Similar data on stripped MCE prepared in chlorobenzene instead of
benzene were obtained from & run already referred to in a previous
section (run H, table 6). One interesting result derived from the
analyser of the crude products of run H was the determination of the
amount of HCN diesolved in the filtered reaction product. Immediately
after filtration of the reaction product from run H (prepared as de-
scribed under section IV C P a), the filtrate was analyzed for %
active CN. The filtrate was then subjected to vacuum distillation,
partially stripped free of chlorobenzene, and again analyzed for %
active CN. During the first stagee of stripping, consideracle gas
evolution occurred which was found to be the escape of dissolved HCN
in the reaction product. The presence of dissolved HCN in the crude
reaction product, prior to the application of vacuum is, of course,
common to all MCE runs. The data obtained from run H are recorded
in table §.

Table 9

Analyses of Stripped MCE, prepared in Chlorobenzens (Run H, table 6)

Before stripping

Weight of filtrate immediately after reaction 235 4 g
CN content of filtrate 7.71%
Weight of total CN present in filtrate 18.15 g.
After stripping at 54 mm. Hg

Weight of stripped residue 165.3 g
CN content of residue 6.71%
Weight of CN in residue 11.09 g

Amount of HCN present in original filtrate
CN removed after application of vacuum 7.¢
CN removed, calculated as HCN T-33 go
HCN in original filtrate 3.1

Calculation of yield

CN in stripped residue 6.71%
Theoretical CN in MCE 16.05%

MCE in stripped residue by N %%;%}‘
Tield = %%7 x 100 85.2% of theory
Yield by distillation (see table 6) 65.7 @
Distillation residue <R 6.7 &

.15
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¢. FPreparatisn of MCE Uering Stripped, Undistilled
{atermediste (Run G, ¢ shown in table 6).

. .

As shown in runs F and H, the final step in the MCE
synthesis does not demand a distillation. Furthermore, a distillation
of MCE on plant scale is highly impractical. It remains to be shown
now whether or not a stripped rathar than a distilled sample of di-
mowhylaminodichlorophosphine oxide may be used ag intermediate in the
synthesis of MCE as outlined for run ¥. If so, then the entire
synthesis of MCE from ite principal raw materiale, dimethylamine, POCIS.
ethenol, and NaCN, can be accompliehed without any distillation.

It 1 in this connection that chlorobenzene ehiuwe
properties superior to benzene. The boiling point of chlorobenzene
(132.1°C.) is higher than that of POCl, (107.3°C.). This means that
the addition of chlorobenzene to the rgaction product of the first
step in the MCE synthesis assures the removal of all P0013 from the
stripped dimethylaminodichlorophosphine oxide,

A glance at figure 1 in the appendir of this re-
port will clarify this point. An identical mode of procedure has been
suggested by Dr. Kharasch in a letter to Gen. Kabrich, Commanding
General, CWS Technical Command, Bdgewood Arsenal, Md.

The stripped MCE intermediate containing some
chlorobenzene, if desired, can now be reacted with a mixture of NaCN,
ethanol, and chlorobenzene, as already described.

The description of run G followss

40.8 g. (0.5 mol) of dimethylamine hydro-
chloride and 230.0 g. (1.5 mol) of POCly were heated at 95-112°C.
for 6 hours. At the end of the reactiod period, the product was stripped
in vacuo at 47°C./91 mm. Hg. until most of the POCl; had been stripped
off. The distillation was interrupted and 50 ml. of chlorobenzene
was added to the still pot contents. Stripping was continued until
most of the chlorobenzsne had been removed from the still pot. There

remained 79.0 g. of stripped MCE intermediate with the following
analysis:

Calculated Found
i .65 g.66
5P 19.1 19.09
% C1, total 42,2 -
% C1, hydrolyzable 41.%0 43,78
% C1, as chlorobenzene 0. 4y =

(by difference)
64.6 g. of the dimethylaminodichlorophosphine oxide, so prepared, was
added dropwise in 40 minutes to an anhydroue mixture of 70 g. of NaCN
and 25 g. of dry ethanol in 90 ml. of chlorobenzens. After a reaction
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period of 2 hours, ths produci wae filtered, the filter cake washed

.

with 100 ml. of chl.robengene, and the i1 trate subjected to vacuum

stripping at 64.5°C/81 mm. Hg. When prs

;ically all of the chloro-

benzene had baen removed, the silll reesidve wae again filtered to re-
move a small amdunt of insolub.s meterisl which had eettled out during

the stripping operation. This

it er cake wae rinsed with P7 ml. of

chlorobenzene and these rinaings wers addsd to the reaction product.
_nere remained 69.2 g. of partially etripped MCE having the following

analysis:
0?0 = 1.4616
D

d 25/4 = 1.096
active CN = Soﬂgﬁ
N = 9.94%
P = 11.76
total Cl = 12.88%
hydrolyzable C1 = 0.40%
Cl, as chlorobenzene, by difference

12.48%

The calculations pertaining to run G have been compiled in tabtle 10.

Table 10

Analyeis of Stripped MCE Prepared from the Undietilled Intermediate

(Run G)

Content of unreacted MCE intermediate
hydrolyzable C1

Theoretical Cl content of intermediete, %

Cl content in sample as % intermediate

Adjustment of N and P Contents
Theoretical N content of intermediate, %

" N per % C1 in intermediate
¢ N recuired for 0.04% C1
Adjusted # N = 9.94 - 0.08
(total) (intermediate)

Theoretical P content of intermediete, 4
£ P per ¢ C1 in intermediate
% P required for 0.04% C1
Adjusted $P =11.26 - 0.17
(total) (intermediate)

Calculation of MCE content ~ % Purit
z active CN found 8.8
% Purity by ON 55.1

S T

0.0k
43,78
009

8.65
0.1976
0.08
9.%6
(MCE)

16.13
0.4370
0.17

11.09

(MCE)
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£ N as MCB 2.8
% Purity by N 57,06
é P as MCE 11.09

Purity by P __,_i%;? s
Average purity 56.74

Lalculation of yield of MCE {theoretical vield = 6U4.7 g.)

From CN

L]

35.7 g = 55.2% of theory

From N = 36.9 g. = 57.0% of theory

From P

37.5 g. = 58.1% of theory
Average of yields ms calculated above = 56.8% of theory

From the calculations listed in table 10, the
approximate composition of the stripped MCE 1s found {c be:

Unreacted intermediate = 0.1%
Chlorobengene and other impurities,

by difference L3.0%
MCE 56.7%
Chlorobenzene, from non-
hydrolyzable Cl content 19.6%
impurities, by difference 3.6%
V. DISCUSSION.

Inasmuch as the results have already been discuseed in
some detail in the foregoing section, repitition will be avoided.

Reviewing the two-step synthesis of MCE as & whole, several
factors should be considered particularly from the standpoint of plant-
scale operations. These are,

l. Availability of raw materials

2. Xconomics of process

3. Most favorable reaction conditions, and

4. Most favoraple procedure for best yields and highest
quality of MCE

Gaseous dimethylamine is available in this country and
readily procured. Fkun 12 (table 3) as well as run 13 ( tatle 5) show
that molar ratios of POCl, to the amine of 1.5 and 2.0 produce 89.6
and 90.1% yields of dimetgylaminodichlorophoophino oxide, respectively.
Using dimethylamine hydrochloride, in place of the free amine a P0013
to amine hydrochloride molar ratio of at least 3.0 is required for a
similar yield (see run 3, table 1). Furthermore, the hygroscopic
nature of dimethylamine hydrochloride makee its storage and handling
difficult. A comparison between tables 3 and 5 also reveals the fact
that the use of benzene as carrier solvent for the free amine is hardly

necessary.
R



Since MU® exhi®!i¢ {Masrmal instability, a distillatior ‘
of this material in plant procedure is undesirable. The MCE product
can simply be stripped free of all voletil- matter to any desired
concentration in either benzene or chlor .azene. In view of the re-
quired stripping operation for MCB, 1t ie elieved highly advisable to
distill the MCE intermediate (dimethyleminodichlorophosphine oxide)
prior to its reacticn with YaCN ané ColCH. If no distillation for
the intermediate ia included in the Proteds, the residues and side
P. cacts will be unnecessarily incressed in the final product. One
other added disadvantage toc the use of undistilled intermediate, is
that lower yields of MCE are obtained in the second etep. This can be
seen by comparing run G with run ¥ and K.

The distillation of the MCE intermediate in moderate vs ‘0
(80-~100 mm. Hg.) hae been repeatedly performed in the laboratory anc
is belleved to bs applicable to pilot-plant procedures.

The necessity of having dry reagents in the second step
of the MCE synthesis strongly suggests the application of azeotropic
distillation of the tenzene (or chlorobenzene) - ethanol - NaCN system
prior to the additioh of the MCE intermediate. The reagents must be
dry to obtain hi ields of MCE, and eve recaution must te taken
in this direction. Data on agzeotropic cystems such as benzens-ethanol-
water may be obtained from the published chemical literature.

VI. CONCLUSIONS.

1. Dimethylaminodichlorophosphine oxide can be prepared
in yields of about 90% from POOl3 and either dimethylamine hydrochloride
or the free dimethylamine.

2. The use of the free amine in the synthesis of dimethyl-
aminodichlorophosphine oxide requires only 1.5 to 2 mols of POC1
per mol of amine, whereas dimethylamine hydrochloride requires aé
least 3 mols of POClj per mol of amine hydrochloride for comparable
yields.

3. Under anhydrous conditione, the MCE intermediate will
react with NaCN and ethanol in either benzene or chlorobengzene to pro-
duce about 80% of distilled MOE.

L. If distilled intermediate is uged, merely stripping
the MCE crude reaction producte free of volatile matter will produce
an acceptable grade of MCE in yields of about 72%.

5. Undistilled, stripped MCE intermediate can be used
in the MCE synthesis, resulting, however, in somewhat lower yields
and a product of inferior quality.

VIiIi. RECOMMENDATIONS.
It 48 recommended that:

1. 1In pilot plant operations, dimethylaminodichloro-
phosphine oxide (MCE intermediate) be prepared by the direct action
of 1 mol of gaseous dimethylamine on 1.5 to 2 mols of‘POOl}.

—
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s The MCE in-+<1usdiate be dintilled before its reaction
with the other reagents to produce MCE ! undertaken.

3. In view of the eeneitivity of the MCE eynthesis toward
moisture and HCl all reagsnte bs kent theroughly anhydroue. The
azeotropic removal of water with Banzens or chlorotenzene (or with
**hanol and benzene) is reconmmended prior to the addition of the MOE
ir.iermediate to the other reagente.

- 20 -
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request for a Change in Distribution for the attached listed documents.

2. The listed documents have current distribution statements or classifications which limit their
release. ECBC Subject Matter Experts have reviewed the documents and deem them all suitable
for the change in distribution to read “Distribution A: Approved for public release; distribution
unlimited.”

3. The point of contact is Adana Eilo, ECBC Security Specialist, (410) 436-2063 or
adana.l.eilo.civ@mail.mil.
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Encl RONALD L. STAFFO
Security Manager
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